| INTRODUC TI ON
Patients with chronic aortic regurgitation (AR) typically have a prolonged and indolent asymptomatic course where progressive left ventricular (LV) remodeling takes place before the onset of symptoms and/or LV dysfunction.
1 Increased LV end-diastolic volume and eccentric hypertrophy (LVH) act as compensatory mechanisms for long periods of time, which mask the development of afterload mismatch and the progressive exhaustion of myocardial contractile reserve. As a result, this long asymptomatic interval with adverse LV remodeling in response to insidious disease progression complicates optimal timing of intervention.
2-4
Current guideline recommendations for aortic valve replacement (AVR) in asymptomatic patients with AR have historically focused on LV ejection fraction (EF) and LV end-systolic dimension as measures of LV pump performance, and LV end-diastolic dimension as a measure of the severity of the volume overload. 5, 6 Therefore, beyond the standards of EF and diameters, additional measures of LV remodeling may provide the opportunity to individualize risk stratification in patients with AR.
Currently, the most frequently used classification of the LV remodeling patterns is the one recommended by ASE/EACVI which considers LV mass and relative wall thickness (RWT). 7 However, because it uses a ratio between the diameter of LV cavity and LV wall thickness, it cannot distinguish the independent changes in LV volume and thickness that occur in different remodeling patterns.
A new opportunity has been provided by standardized quantitative echocardiographic parameters like indexed LV volumes and LV mass. 8 Recently, Gaasch and Zile 9 proposed a subdivision of LVH based on LV mass, LV volume, and RWT. Relying on this new classification, EACVI/ASE proposed 7 possible patterns of LV geometry:
normal, dilated (physiologic) LVH, concentric remodeling, eccentric remodeling, concentric LVH, mixed LVH, dilated LVH, and eccentric LVH.
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This should be considered an integral component of parameters and indices that reflect the systolic and diastolic properties of the LV which has the potential ability to improve the prognostic predictability.
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Therefore, from a contemporary population of patients with chronic AR, we sought to (a) better characterize the prevalence of concomitant cardiac LV geometry patterns at the time of AR diagnosis when the new EACVI/ASE proposed classification considering the LV volume as well as LV mass and the RWT is applied; and (b) assess the impact of these types of LV remodeling on adverse cardiovascular outcomes.
| MATERIAL S AND ME THODS
| Patient selection
We retrospectively analyzed the echocardiographic data that were collected in the electronic database of the Cardiology Department, Policlinico University Hospital of Modena, Italy. We identified consecutive patients with chronic moderate or severe AR presenting to our echocardiography laboratory from 01 January 2008 until 31
October 2017.
Patients were excluded if they presented the following criteria:
new onset of acute AR (with clinical suspicion of infective endocarditis or aortic dissection), concomitant severe mitral regurgitation, previous aortic valve repair or replacement; concomitant congenital heart disease, age ≤ 18 years, incomplete echocardiographic data.
| Clinical data
Clinical data included age, sex, height, weight, body surface area (BSA) from the formula of DuBois, and cardiac rhythm at the time of the index echocardiographic examination. 
| Echocardiographic data
All examinations were performed using Acuson Sequoia 512 ul- Left ventricular volume estimates were derived from 2D echocardiography measured from the apical four-and two-chamber views using the biplane method of disks (modified Simpson's rule).
Left ventricular EF was calculated from EDV and ESV estimates. 
| Endpoints
The endpoint was the combination of cardiovascular (CV) death, hospitalization for acute heart failure (HF), or AVR. Patients were censored at the time of the first event or at the end of follow-up.
Follow-up information for death was obtained from the national death index, in which the status of all citizens is constantly updated and is 100% complete. In Italy, it is mandatory by law that all deceased patients be immediately registered in this national data bank.
Cardiovascular morbidity requiring AVR or hospitalization for
acute HF was assessed using the electronic archives of the health service of Modena province based on diagnosis at hospital discharge (DRG: diagnosis-related group).
Recent vital clinical status up to May 14, 2018, was obtained by hospital data system.
The study was conducted in accordance with the Declaration of Helsinki and approved by the local research committee. Kaplan-Meier curves were constructed to analyze event-free survival in the different remodeling groups, and the groups were compared using the log-rank test. Univariate and multivariable Cox regression analyses were performed to calculate the hazard ratios (HR) and 95% confidence intervals (CI) for the combined endpoints.
| Statistical analysis
Because patients with eccentric remodeling were those with the lowest risk of the combined endpoint, we decided to consider these patients as the referent group (HR = 1).
Univariate and multivariable Cox regression analysis was performed to calculate the hazard ratios (HR) and 95% confidence intervals (CI) for the combined endpoint. We created five multivariable 
| Association of remodeling patterns with baseline characteristics
Patients with dilated LVH, eccentric LVH, and eccentric remodeling were more likely to be man while patients with concentric, indeterminate, and mixed LVH were more likely to be women. Accordingly, BSA was greater among patients with dilated LVH, eccentric LVH, and eccentric remodeling. Patients with concentric LVH and mixed LVH were significantly older compared to those with normal geometry, eccentric LVH, and eccentric remodeling. The prevalence of hypertension was significantly higher among patients with concentric LVH and mixed LVH. The other characteristics were similarly distributed among groups (Table 1) .
| Association of remodeling patterns with echocardiographic characteristics
Eccentric LVH was characterized by the lowest EF (50.0 ± 13.1%) and the highest prevalence of patients with EF ≤ 50% (42.6%
of the eccentric LVH group vs 25.5% in the whole population).
Concentric, mixed, and eccentric LVH showed severe atrial dilation (52.4 ± 31.5 mL/m 2 , 54.2 ± 24.8 mL/m 2 , and 52.5 ± 46.1, respectively) compared to normal geometry and other remodeling patterns.
As expected, the 72 patients with severe AR showed mainly ec- 
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The bold values reach statistical significance. AF = atrial fibrillation (presence of atrial fibrillation at the time of baseline echocardiographic evaluation); BSA = body surface area; CAD = coronary artery disease; CKD = chronic kidney disease; COPD = chronic obstructive pulmonary disease; DM = diabetes mellitus; HF = heart failure; Hypert = hypertension.
TA B L E 2 Baseline echocardiographic data according to LV remodeling patterns 
<0.001
AS n (%) 
LVESDi mm/m 54.8 ± 9.9
EF ≤ 50% n (%) 
The Abbreviations as in Tables 1 and 2. findings can be summarized as follows: The main questions are whether some of the differences that occurred in response to volume overload from AR are because of differences in the lesion or differences in the host's response to the lesion and why some patients with AR develop a maladaptive remodeling while others not. 13 This question would be nearly impossible to answer in man when broad differences in patients and AR severity exist over a long period of time.
| D ISCUSS I ON
14 To circumvent this, genetic and surgical animal models of mixed volume and pressure overload may result in significant advances in the understanding of the molecular mechanisms mediating LV remodeling in AR. 15 Olsen et al 16 
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In aggregate, these findings support the notion that beyond the chronic LV hemodynamic load imposed by AR, other factors not measured in this study, including genetic factors, may also influence the type and magnitude of the LV remodeling adaptive response to volume and pressure overload.
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To our knowledge, there are no studies addressing the prognostic implications of the new classification of LV remodeling patterns proposed by the EACVI/ASE in patients with AR. Therefore, our study provides an original and novel contribution by demonstrating that dilated LVH and eccentric LVH had a worse outcome compared to eccentric remodeling, the type of remodeling with better outcome, after adjustment for confounders.
In patients with chronic AR, the geometric pattern which develops primarily affects LV function as it relates to the Laplace equa-
tion. An increase in the radius to thickness ratio increases wall stress while a decrease in this ratio decreases wall stress. This provides support to the concept that dilated LVH and eccentric LVH may represent a maladaptive geometric pattern in some patients with an independent long-term impact on prognosis and raise the prospect that the extent of LV volume dilatation and LVH in AR may not always be "adequate" to the level of wall stress. On the contrary, persistently "uncompensated" wall stress in the setting of severe LV volume dilatation may promote contractile dysfunction which can be identified with the newer echocardiographic methods to assess subclinical myocardial dysfunction such as speckle tracking, but these too require careful prospective investigation to determine their potential role in clinical decision making. 
| Strengths and limitations
The major strength of this study was to describe a contemporary cohort of patients with AR characterized by an older mean age than previously described. Indeed, the mean age of patients in the natural history series cited in the American College of Cardiology/American Heart Association guidelines is 39 years.
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It is noteworthy that the time course toward development of symptoms and/or LV systolic dysfunction is gradual and protracted in younger patients with AR, 22-24 but more rapid in patients older than 50 years of age. 25 The practical implications are that older patients with asymptomatic AR have a much higher rate of development of symptoms and/or LV dysfunction than do younger patients, which may be related to effects of aging on vascular and myocardial stiffness that poorly tolerate a significant volume load.
The main limitation was that data were prospectively collected but retrospectively queried. Hence, this study has the inherent limitations of a retrospective analysis.
We included patients with a large range of EF, which is both a limitation and a strength of this study, considering that low EF is a stage in the remodeling process continuum.
We did not apply EDV sex-specific reference values with the possibility of misclassification regarding the remodeling pattern in women.
The baseline medication, the assessment of the severity of CAD, and the measurements of myocardial fibrosis were not available in this study.
We found that the new classification based on the combination of LV volume, mass, and RWT does not allow to fit all patients in the LV remodeling pattern categories because it does not address all combination possibilities (ie, indeterminate LVH, 12.2% in our study population). Although this gap in the classification is not new in cardiology, the proportion of misclassification may be directly proportional to the number of possible combinations.
In our cohort, although the total number of patients is quite impressive for a single center, the absolute number in each group of LV remodeling pattern is somewhat small with suboptimal power to actually be able to show differences between the groups. Therefore, larger multicenter and prospective study is needed to confirm and further expand these findings.
Finally, the decision to perform an AVR was taken by the referent physician, according to guidelines, but we cannot exclude a variable interpretation of disease severity or patient's symptomatic status. Of note, the main driver of AVR in our cohort was unknown. Therefore, despite multivariable adjustment, there is a potential for unmeasured selection biases in the decision to undertake AVR. 
| CON CLUS IONS
